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riodic reports of space-oriented research and a comprehensive annual report.
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POLARIZATION OF LYMAN ALPHA RADIATION EMITTED BY H(2S) ATOMS
IN WEAK ELECTRIC FIELDS

W. L. Fite, W. E. Kauppila and W. R. Ott
Department of Physics
University of Pittsburgh
Pittsburgh, Pennsylvania 15213

.In 1961 W. Lichtenl pointed out aﬁ error that had Been ﬁade
in data reduction in.an exﬁeriment of Stebbings,.Fité: Hummer
and Brackmann2 to measure the cross section for elecgron—impact
excitation of groundstate atomic hyd?égeh to the metastable 2S5
level. The point in question concerned the polarization and-
angular distribution of the Lyman alpha radiation produéed when
the métastablegatoms were quenched in a weak dc electric fieid.
While Stebbings.et al had used a polarization fraction of unity
in reducing their data, Lichtén argued that a polarizatiqn fraction
of zero should have been used. -This correction to the original
data of Stébbings et al was made in an(erratum3 to their original
paper.

In'preparétion for repeating and extending the experiments of
Ref. 2 an experimental check offtﬁe Quench radiation polarization
vas carried out in anticipation;that Lichten's -zero polarization
prediction would be quickly verified.. In the experiment a modulated

beam of groundstate hydrogen atoms was crossed by a dc electron béam

*
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and metastable;H(QS) atoms vere produced by electron-impact
excitation. The H(25) atoms proceeded dovnstream with the ground-
state atom beam‘and passed between two parallel plates-providing
ba~weak.electrié qhencﬁ field. The Lyman alpha radiation produced
by the eiectric quenching of the metastable atoms was dctegted
at 90° with respect to the quench field direétion and its polarization
was examined.using a LiF Brewster's angle refléctor polarization
deteétor,h followed by an oxygen-filtered iodine-vapor-filled photon
counter. ' The quenching field ranged from 5 to 15 v/ém.
>Surprisingly, it was found.that the_polariZation7was‘not zexro,
" that the intensity (1) of the component with the electric field
vector parallel to the direction of the quench field was weaker
thén the intensity (Ic) of the opposite polarization, and that the
polarization frégtion, P = (I1r - Io)/(In.+ Io) was -0.30 ¥ 0.02,
after corrgctions for thé finite aperture and multiple rgflections
of the-Brewster's angle polarizer,h for residual Hé in the beam
and for collision quenchlng in the residual gas in the vacuum.
‘Checks for experimental errors included changing the dlrectlon of
the electric field (the plane of polarization t;acked), changing -
the quench‘field sirength’(the polarization fraction of the qﬁench
radiation remained constant), uSiqg other quench-field electrodes
and configurations (no change o% results), varying the exciting
electron en;;gy from 16.7 to 206 ev (né change of results) and
_using a magnetic quench field rather than an electric~field. With
the magnetic quench field the polarization was zero, exactly as
%5, o(m

expected on the basis of Zeeman mixing of the 2 o 1/2 -%) and
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the 22P = +) states with radiation from the 2? state.

1/2(mJ 1/2

There seemed no question that the apparatus was working corréctly
and that electric fields operating on the H(28) atoms do produce
partially polarized quench radiation.

The dilemma presented by these results is now understood thanks

p)

to U. Fano” who pointed out that Lichten was in error in assuming

- 4
that because the 2‘P3/2 state is about. ten times as far removed in

eneréy from the 25 metastable state as is the 22Pl/2 staté, its effects

could be neglected in the weak-field Stark mixing problem. Although

the 22P admixture is only about 10% of that of the 22P state,

3/2 ‘ 1/2
both states should be retained in a time-independent perturbation
expansion. The dipole matrix element for radiation to the ground

state then consists of two terms, one involving the ?P state and

. 1/2
2

the other the P3/2 state. Upon squaring to find the radiation

intensity, a éross product betWeen these terms results which would be

*

" of the order of 20% of that from the 2P state alone.

1/2
Weihave worked through the details of this elementary calculation,
'heglécting hyperfine effetts, and find that s polarization of -32.9%
is predicted. Whether fhe slight discrepancy between the preliminary
" experimental value of —30% and the theoretical value -32.9% hes any
significance is not known at present.
This newer value of the polarization affeéts the cross sections
for excitation to the 25 state obbained from the data of Ref. 2, vy
increasing the values approximately 10% abo&e those given‘in Ref. 3.

Based on those data, the maximum in the cross section at approximately

*Hote: Interference ters arising from cross products in squares of sums
in cases similar to tnis have been noted by others. See for exanple

G. Breit, Rev. MHod. Phys. 5, 91 (1933) and Colegrove, Franken, Lewis and
Sands, Phys. Rev. Letters 3, 420 (1959). ' T
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12 ev would bé about 0.18 na°2 wvhich is only about 20% less than
the récent calculated value of Burke, Taylor and 0rmonde6 usiné
close coupling with correlation éerms.

Ve ére deeply indebted ﬁo Professor U. Fano for pointing_6u£
the correct theoretical arguﬁehts, thereby makiné unnecéséary 5
‘major effor£ to prove even QOre conélusiﬁely on experimen£a1
grounds tﬁat the apparatus was functioning properly, and -to
Prpf;ssor E..Ge?juoy for hié interest in and discussion of this

and other experiments involving hydrogen atoms.
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